INTRODUCTION
============

Adipose tissue has been shown to secrete a variety of bioactive compounds into the circulation that can have profound effects on metabolism \[[@B1]\]. Visfatin is one of the bioactive compounds that influence insulin receptors by binding to a different place than insulin \[[@B2]\]. There are several studies having conflicting results regarding the correlation of visfatin with insulin. Some studies suggested visfatin may be correlated with insulin resistance \[[@B3]-[@B5]\] and another study reported visfatin may be correlated with insulin sensitivity \[[@B6]\]. Chen et al. \[[@B7]\] reported visfatin is associated with abdominal obesity and type 2 diabetes mellitus (T2DM) in the Taiwanese population. Hammarstedt et al. \[[@B8]\] showed higher circulating visfatin levels as well as adipose tissue visfatin mRNA expression in T2DM compared to body mass index (BMI)-unmatched controls.

Fetuin-A is a 60 kDa protein synthesized in hepatocytes. Fetuin-A binds to insulin receptors in adipose and muscular tissue and inhibits insulin receptor tyrosine kinase activity as well as insulin receptor autophosphorylation *in vivo* and *in vitro* \[[@B9]\]. Fetuin-A has been suggested to potentially cause insulin resistance and/or metabolic syndrome \[[@B9]\]. In terms of treatment or prevention of insulin resistance, fetuin-A may be considered as a new therapeutic target \[[@B10]\].

Even if visfatin and fetuin-A levels have been studied in T2DM patients \[[@B7]-[@B13]\], none of the studies included the relationship of these bioactive compounds to HbA1c and albuminuria. Therefore, the goal of the present study was to investigate the serum visfatin and fetuin-A levels and determine whether there were any serum visfatin and fetuin-A correlations with hemoglobin A1c (HbA1c) and urine albumin levels in obese T2DM patients, as well as contributing to the clarification of the role of visfatin and fetuin-A in glucose metabolism.

METHODS
=======

The present study was performed in Istanbul Okmeydani Educational and Research Hospital Clinical Biochemistry Laboratory with 40 T2DM and 23 healthy control subjects. The patients were followed up in diabetes outpatient clinics. BMI of all individuals were calculated. In both groups, subjects with a BMI ≥25 kg/m^2^ were included. Attention was given to the similarity between control and T2DM patient groups in terms of BMI, age and gender. The study was approved by the ethics commitee of our hospital. All individuals were informed regarding the tests and their clinical meanings before the study and written consent was obtained from all study participants.

For all laboratory tests in both control and T2DM groups, from each patient 10 mL of blood was collected into a vacuum tube with gel and 3 mL collected into a tube with K3EDTA. In order to determine urine albumin levels, a 24 hour urine specimen was collected into clean, dry plastic bottles. Patients were asked to avoid exercise at least 24 hours before specimen collection.

Thr blood collected in the tube with gel was centrifuged at 2,000×g for 10 minutes after clot formation and the serum separated. Routine biochemical parameters, HbA1c and urine albumin level were measured the same day. Undiluted serum specimen was divided into 2 aliquots and stored at -80℃ for 3 months for visfatin and fetuin-A measurements. Repetitive freezing and thawing were not performed.

Glucose and urea were analyzed in an Olympus AU2700 chemistry analyzer (Beckman Coulter Inc., Fullerton, CA, USA); total cholesterol (TC), creatinine, triglycerides (TG), high density lipoprotein cholesterol (HDL-C) and low density lipoprotein cholesterol (LDL-C) were analyzed in a Modular V2 chemistry analyzer (Roche Diagnostics, Mannheim, Germany) by photometric method; HbA1c was analyzed in an ADAMS A1c HA-8160 analyzer (Arkray Inc., Kyoto, Japan) by high performance liquid chromatography (HPLC); urine albumin was analyzed in a Delta Nephelometry analyzer (Radim Diagnostics, Rome, Italy) by nephelometric method; visfatin (Alpco Diagnostics, Salem, NH, USA) and fetuin-A (AssayMax Human alpha-2-HS-Glycoprotein-AHSG-ELISA Kit; Assaypro, St. Charles, MO, USA) were analyzed by the enzyme-linked immunosorbent assay (ELISA) method.

Performance characterization
----------------------------

Intra-assay and inter-assay coefficients of variation for fetuin-A and visfatin were 4.9% and 7.1%; 5.5% and 6.24%, respectively.

Data processing methods
-----------------------

Statistical analyses were performed by the statistical program SPSS for Windows, version 11.5 (SPSS Inc., Chicago, IL, USA). Jarque-Bera normality test was applied to data; *P*\<0.05 indicated that normal distribution was not achieved. Therefore, to test differences between groups, non-parametric (non-requiring normal distribution) Mann-Whitney *U* test for 2 independent groups were applied. Kendall\'s tau_b correlation coefficient was used to evaluate correlations.

RESULTS
=======

The present study was performed on 63 individuals consisting of 40 T2DM patients and 23 healthy controls. Among the individuals, 44 (70%) were females and 19 (30%) were males. There were no significant differences between T2DM patient and control groups in terms of age, gender, and BMI (*P*\>0.05) ([Table 1](#T1){ref-type="table"}).

A statistically significant difference between groups in terms of fetuin-A was detected (*P*\<0.05). When rank values were controlled in order to determine the source of difference, lower levels were detected in the T2DM patient group in comparison to the control group (*P*\<0.01). HbA1c, glucose and urea were found in higher levels in the T2DM patient group when compared to control group (*P*\<0.001, *P*\<0.001, and *P*\<0.05, respectively). There were no differences between T2DM patient and control groups in terms of creatinine, TC, TG, HDL-C, LDL-C, and visfatin (*P*\>0.05) ([Table 1](#T1){ref-type="table"}).

In the second stage of the study, the correlation of fetuin-A, visfatin and HbA1c variables was analyzed. Since the data did not exhibit normal distribution, Kendall\'s tau_b correlation coefficient was used. For the T2DM patient group, a significant correlation was not observed between the parameters (*P*\>0.05) ([Table 2](#T2){ref-type="table"}).

In the control group, a weak, but significant correlation was observed only between the visfatin and HbA1c variables (*r*=0.318, *P*\<0.05) ([Table 2](#T2){ref-type="table"}).

In the T2DM patient group, when 2 subgroups (1 group having HbA1c ≥7% and poor metabolic control and the other group HbA1c \<7% and good metabolic control) were compared in terms of demographic and biochemical parameters, only glucose and HbA1c values manifested statistically significant differences (*P*\<0.01 and *P*\<0.05, respectively) ([Table 3](#T3){ref-type="table"}).

When the correlations between variables in the T2DM patient group were analyzed, microalbuminuria had a weak but significant negative correlation with DM duration, and a positive correlation with glucose; urea had a positive correlation with DM duration and creatinin, and a negative correlation with visfatin ([Table 4](#T4){ref-type="table"}).

The T2DM patient group was further divided into 2 subgroups having microalbuminuria (mg/day) ≥30 (*n*=24) and \<30 (*n*=16). When the 2 groups were compared in terms of duration of DM, BMI, glucose, urea, creatinine, TC, TG, HDL-C, LDL-C, HbA1c, visfatin, and fetuin-A parameters, there were no statistically significant differences between the groups.

DISCUSSION
==========

In the present study, demographic and anthropometric parameters such as age, gender, BMI, and serum levels of creatinine, TC, TG, HDL-C, LDL-C did not manifest statistically significant differences between the T2DM patient and control groups. Since both study groups had the same confounding factors for insulin sensitivity, an opportunity to exclude variations originating from these parameters existed.

HbA1c, glucose and urea levels were detected higher in the T2DM patient than control group. Elevation of HbA1c and glucose levels were compatible with DM. The mean microalbuminuria levels of the T2DM patient group were \>30 mg/day indicating the presence of microalbuminuria. Elevated serum urea and urine albumin levels indicated the existence of nephropathy in the T2DM group.

In the present study, there were no differences between the T2DM patient and control groups in terms of visfatin levels. Fukuhara et al. \[[@B6]\] reported that visfatin is related to insulin sensitivity \[[@B6]\]. Chen et al. \[[@B7]\] evaluated plasma visfatin levels in 61 T2DM patients and 59 healthy controls with similarity in terms of gender and age. Visfatin levels were higher in T2DM patients and the authors stated visfatin can play a role in pathogenesis of T2DM. Yilmaz et al. \[[@B11]\] evaluated visfatin and fetuin-A levels in 85 T2DM patients having early stage diabetic nephropathy and 38 healthy controls; higher visfatin levels were observed in the T2DM patient group compared to the healthy control group. The visfatin result in the present study is in contradiction with Yilmaz et al. \[[@B11]\]. In the present study, smoking and alcohol drinking habits of the patients were not evaluated. Therefore, the T2DM patient group in the present study showed differences from Yilmaz et al. \[[@B11]\] whose patient group was composed of patients who had DM and had a new diagnosis of nephropathy, excluding patients with smoking and alcohol drinking habits. The reason for different visfatin levels in the T2DM patient group of the present study and Yilmaz\'s group \[[@B11]\] may be due to differences in demographic characteristics and exclusion criteria.

Dogru et al. \[[@B12]\] evaluated plasma visfatin levels in 22 T2DM patients who were newly diagnosed and did not receive treatment, 22 individuals who had impaired glucose tolerance, and 40 healthy individuals (control group) with similarity in terms of age, BMI and gender and detected higher visfatin levels in the diabetic group. The authors claimed hyperglycemia increases plasma visfatin levels and this increase makes the impairment in glucose tolerance more prominent.

Sandeep et al. \[[@B13]\] evaluated plasma visfatin levels in 150 T2DM patients and 150 individuals having normal glucose tolerance, and observed higher visfatin levels in the diabetic group compared to the normal glucose tolerance group.

Hammarstedt et al. \[[@B8]\] showed higher circulating visfatin levels as well as adipose tissue visfatin mRNA expression in T2DM compared to BMI-unmatched controls. The difference between the BMIs in the 2 groups was a limitation of Hammarstedt et al.\'s study.

There are also several studies indicating no association between serum visfatin levels with insulin sensitivity or resistance \[[@B4],[@B8],[@B14]\]. The visfatin results in the present study are compatible with these studies \[[@B4],[@B8],[@B14]\] and are not compatible with other studies \[[@B6],[@B7],[@B11]-[@B13]\]. Individuals in the present study\'s T2DM patient group were treated for both diabetes and microalbuminuria and the treatments had several differences. The reason for finding no differences in terms of visfatin levels between groups may be due to interaction of visfatin with other drugs.

In the present study, lower fetuin-A levels were observed in the T2DM patient group compared to the control group.

Ix et al. \[[@B10]\] followed for 6 years 406 healthy and non-diabetic individuals between 70 and 79 years of age regarding diabetes status; T2DM developed in 135 individuals during the study period. The authors measured fetuin-A levels and observed higher fetuin-A levels in individuals who developed diabetes and stated fetuin-A levels were correlated with developing diabetes in elder people, being independent of other indicators of insulin resistance. The authors claimed that if further studies are performed in middle aged groups having the highest rate of diabetes incidence and if their results were confirmed, fetuin-A can offer an useful therapeutic target and can provide new insights for glucose metabolism in humans \[[@B10]\].

Takata et al. \[[@B15]\] investigated the effect of high glucose level on the fetuin-A gene in human hepatoma cell line HepG2 and observed fetuin-A expression in the cells. The authors claimed that increase in expression of AHGS (fetuin-A) in the liver may be a reason for glucose toxicity in diabetic conditions.

Mori et al. \[[@B16]\] evaluated serum fetuin-A levels in 162 type 2 diabetic and 160 non-diabetic individuals and did not find any difference between groups in terms of fetuin-A and any significant correlation between insulin resistance and fetuin-A. The authors hypothesized the reason may be the presence of stronger determinants similar to protein modifications such as non-enzymatic glycation masking the effect of fetuin-A on insulin resistance and having excessive glucose toxicity under diabetic conditions or influence of pharmacologic treatment of diabetic individuals on fetuin-A levels.

In another study, Mori et al. \[[@B9]\] investigated the effects of insulin sensitizing treatment such as pioglitazone, metformin and aerobic exercise. The authors divided 27 T2DM individuals into 3 groups (10 pioglitazone, 9 using metformin for 6 months, and 7 having a 3-month exercise program). After the treatment period, fetuin-A levels decreased significantly in the group using pioglitazone. Consequently, the authors stated that pioglitazone may partially regulate insulin resistance by decreasing fetuin-A levels.

Yilmaz et al. \[[@B11]\] divided patients into 2 groups in terms of proteinuria, \<500 mg/day and ≥500 mg/day, and measured visfatin, fetuin-A, adiponectin and hsCRP levels. The authors observed significantly lower fetuin-A levels in the diabetic group and a negative correlation with proteinuria. Yilmaz et al. \[[@B11]\] expressed that a urinary loss of fetuin-A, which is a vasoprotective protein, may contribute to increased cardiovascular disease risk in these patients.

In the present study, fetuin-A levels in the T2DM group were lower compared to the control group which was compatible with Yilmaz et al. \[[@B11]\] and not compatible with Ix et al. \[[@B10]\], Takata et al. \[[@B15]\], and Mori et al. \[[@B16]\].

The authors of the present study measured urine albumin levels in the T2DM group. Microalbuminuria levels of the T2DM patient group were 55.07±81.15 mg/day (mean±standard deviation) and the mean was over the reference range. This result is an indicator of diabetic nephropathy developing in the T2DM patient group. Although serum fetuin-A levels were lower overall in the T2DM group compared to control group, stating that fetuin-A levels were not different according to the presence of proteinuria was difficult because of the small number of subjects and this was a limitation of the present study.

HbA1c, which is positively correlated with glucose levels and increased in T2DM, has a role in development of microvascular complications. Correlation between HbA1c and visfatin or fetuin-A in both study groups was not observed. A possible reason is that the result may be due to the effect of drug treatments masking a correlation or visfatin and fetuin-A may have roles in different mechanisms in T2DM pathogenesis.

After dividing groups in terms of HbA1c and microalbuminuria, between groups of HbA1c ≥7% and HbA1c \<7%, statistically significant differences in terms of duration of DM, BMI, urea, creatinine, TC, HDL-C, LDL-C, microalbuminuria, visfatin, and fetuin-A levels could not be found.

Similarly, there was no significant difference between the T2DM group having microalbuminuria (≥30 mg/day) and the normoalbuminuria group (\<30 mg/day) in terms of duration of DM, BMI, glucose, urea, creatinine, TC, HDL-C, LDL-C, HbA1c, visfatin, and fetuin-A levels.

Consequently, low serum levels of fetuin-A in the T2DM patient group may suggest fetuin-A is a factor having a role in T2DM pathogenesis, although neither visfatin nor fetuin-A were correlated with HbA1c and albuminuria levels in patients with T2DM.
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Comparisons of demographic and laboratory data between T2DM patient and control groups
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T2DM, type 2 diabetes mellitus; IQR, interquartile range; BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; HbA1c, hemoglobin A1c; MU, microalbuminuria; ND, not determined.
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Correlations between HbA1c, fetuin-A, and visfatin levels in the control and T2DM patient groups
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HbA1c, hemoglobin A1c; T2DM, type 2 diabetes mellitus.
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Comparisons of T2DM patients\' demographic and laboratory data between HbA1c ≥7% and HbA1c \<7% subgroups
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T2DM, type 2 diabetes mellitus; HbA1c, hemoglobin A1c; IQR, interquartile range; DM, diabetes mellitus; BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; MU, microalbuminuria.
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Correlations between HbA1c, fetuin-A, and visfatin levels in the control and T2DM patient groups
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T2DM, type 2 diabetes mellitus; DM, diabetes mellitus; HbA1c, hemoglobin A1c; MU, microalbuminuria.
